Ecological Roles of Tryptanthrin, Indirubin and N-Formylanthranilic Acid in Isatis indigotica: Phytoalexins or Phytoanticipins?
Leaves of the plant species Isatis indigotica Fortune ex Lindl. (Chinese woad) produce the metabolites tryptanthrin, indirubin and N-formylanthranilic acid upon spraying with an aqueous solution of copper chloride but not after spraying with water. The antifungal activities of these metabolites against the phytopathogens Alternaria brassicicola, Leptosphaeria maculans and Sclerotinia sclerotiorum established that tryptanthrin is a much stronger growth inhibitor of L. maculans than the phytoalexin camalexin. The biosynthetic precursors of tryptanthrin and N-formylanthranilic acid are proposed based on the deuterium incorporations of isotopically labeled compounds. The overall results suggest that tryptanthrin is a phytoalexin and indirubin and N-formylanthranilic acid are phytoanticipins in the plant species I. indigotica and that chemical diversity and biodiversity are intimately connected.